Systemic capillary leak syndrome (SCLS) is a rare disorder characterized by recurrent spontaneous episodes of hypovolaemic shock due to marked plasma shifts from the intravascular to the extravascular space. This presents as the characteristic triad of hypotension, haemoconcentration and hypoalbuminemia often with an associated monoclonal gammopathy. We describe a patient with SCLS who required aggressive fluid resuscitation and emergency fasciotomies for compartment syndrome with rhabdomyolysis. At presentation the patient was considered to have severe erythrocytosis and was therefore initially referred to a haematologist, which appears to be a frequent sequence of presentation for patients with SCLS. This patient also highlights the importance of muscle compartment pressure monitoring during volume resuscitation in patients with SCLS.
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The systemic capillary leak syndrome (SCLS) is characterized by spontaneous recurrent episodes of hypotension, haemoconcentration, generalized oedema, and in most cases, the presence of a paraprotein. The clinical signs during attacks result from extravasation of large volumes of plasma from the intravascular space to the interstitial space. The secondary development of compartment syndrome and rhabdomyolysis from swelling of muscle compartments appears to be an uncommon complication 1,2 . Clarkson described the first case of SCLS in 1960, and almost 60 patients have been described since then [3] [4] [5] [6] . The frequency of reports has increased in the last few years, probably reflecting an increased clinical awareness of the syndrome, however the true incidence of SCLS may be underestimated. Clinicians need to be aware that this syndrome can cause diagnostic difficulty and carries a high mortality. We present a patient with SCLS complicated by acute renal failure, compartment syndrome and rhabdomyolysis.
CASe hISToRY
An athletic 48-year-old man developed bilateral anterior shin pain and bilateral leg swelling during a long-haul flight. he presented to an emergency department (eD) the next day and following examination had blood tests which were normal except for a creatinine level of 118 µmol/l, and a Doppler study of his leg veins which was also normal. his leg discomfort persisted and his wife noted swelling of his lower back and legs. Four days later, he presented to another eD. he now appeared unwell with blood pressure (BP) 85/60 mmhg, heart rate 130 b/min, respiratory rate 36/min, and was clinically dehydrated. Laboratory findings (Table 1) showed haemoconcentration and acute renal impairment. After two litres of intravenous (Iv) fluid, BP improved to 122/90 mmhg. Initially a hyperviscosity syndrome secondary to polycythaemia was considered and a haematologist was consulted. he was transferred to our ICu for further management.
on arrival in the ICu four hours later, the physical examination demonstrated peripheral cyanosis and poor perfusion, oliguria, BP 116/60 mmhg, heart rate 104/min, respiratory rate 18/min, and a central venous pressure of 2 mmhg, with severe sacral, distal arm and leg oedema. Laboratory findings showed persistent haemoconcentration with hypoalbuminaemia, acute renal impairment and acidosis. he received 14 litres of Iv fluid in 24 hours (a mixture of crystalloid and colloid solutions) to maintain a mean arterial pressure of >65 mmhg and central venous pressure rose to 10 mmhg. Renal replacement therapy by continuous veno-venous haemodiafiltration (CvvhDF) was required to manage acute anuric renal failure with hyperkalaemia (potassium 6.8 mmol/l) and acidosis (ph 7.16, base deficit 14.2).
A capillary leak syndrome was considered on the basis of severe hypovolaemic shock, oedema, haemoconcentration, and low albumin level. Possible differential diagnoses included C1 esterase inhibitor deficiency, anaphylaxis, sepsis, and hypovolaemia. SCLS was diagnosed by the combination of haemoconcentration and hypoalbuminaemia and the absence of any other obvious cause for the clinical state. Blood tests for protein electrophoresis, C1 esterase inhibitor, thyroid function, autoimmune antibodies and complement levels were taken. he was commenced on hydrocortisone 50 mg six-hourly empirically to alleviate cytokine-mediated capillary leak and fluid resuscitation was continued. urine analysis on admission was negative for myoglobin and initial creatine phosphokinase (CPK) was normal but increased over the next 12 hours (Table 1) . orthopaedic review and measurement of compartment pressures (32 mmhg right leg, 42 mmhg left leg, with a diastolic blood pressure of 62 mmhg) confirmed compartment syndrome and he was transferred to the operating room for fasciotomy. he required renal replacement therapy for 28 hours and then rapidly recovered good urine output and renal function. he underwent further surgery for the myonecrosis, with bilateral radical debridement of the anterolateral compartments of both lower legs. This, together with deep peroneal neuropathy, resulted in loss of dorsiflexion of ankles and feet. his recovery was complicated with pneumonia and wound infection with Bacillus cereus requiring antibiotics. he was discharged from the ICu after seven days.
Plasma electrophoresis confirmed the presence of a small amount of monoclonal immunoglobulin (Igg kappa, 0.4 g/l) consistent with the diagnosis of SCLS. Igg kappa monoclonal gammopathy was confirmed by immunological reference laboratory on two further occasions with a rise in Igg kappa to 1 g/l and an associated Igg deficiency 3.7 g/l (reference range 3.7-14.4 g/l). other laboratory investigations, including autoantibodies, complement studies, and C1 esterase inhibitor measurement, were all normal.
Further history revealed that the patient had an episode of arm and leg pain with swelling three months prior to this episode, which had been investigated at the time with no diagnosis made. Since discharge he has had a further typical episode of SCLS requiring admission to another hospital for four days, during which he was noted to have low complement levels C3 0.66 (0.82-1.45g/l), C4 0.12 (0.15-0.45 g/l); on this occasion the paraprotein was not seen on plasma electrophoresis.
DISCuSSIoN
SCLS is a disease characterized by spontaneous recurrent episodes of hypovolaemic shock due to extravasation of plasma resulting from altered capillary permeability. The clinical presentation of recurrent severe capillary leakage in association with the presence of a monoclonal paraprotein is considered a characteristic manifestation of SCLS. our patient demonstrated a characteristic presentation but was notable for the severity of the compartment syndrome. The clinical progression of an episode may be generally divided into two phases, the capillary leak phase which presents as acute hypovolaemia, and the recruitment phase, when fluid returns to the intravascular space, and may cause pulmonary oedema.
In the capillary leak phase, Atkinson demonstrated in a patient that during an attack, labelled albumin and plasma are rapidly transferred from the vascular compartment to the extravascular interstitial compartment 7 . extravasation of proteins of molecular weights as high as 900 kDa, but mostly less than 200 kDa, occur during the acute attack. haemoconcentration, leukocytosis, and a decrease in concentration of albumin are characteristic during acute SCLS attacks.
Compartment syndrome and rhabdomyolysis are recognized complications of the capillary leak 1, 2,5,8,9 . Renal failure due to acute tubular necrosis secondary to hypovolaemic shock or rhabdomyolysis may occur.
Treatment during the capillary leak phase is supportive and dominated by fluid resuscitation, although it is likely that the fluid resuscitation may itself worsen the oedema and muscle damage with resultant compartment syndrome. These patients therefore require intensive or high dependency care monitoring and management. monitoring muscular compartment pressure and muscular swelling in patients with SCLS should be considered during resuscitation.
The recruitment phase is characterised by abrupt recruitment of the extravasated fluid, which includes the native plasma and the parenteral fluids. Significant diuresis may occur but impaired kidneys may be unable to compensate. This may result in pulmonary oedema which is the most frequent cause of mortality in these patients.
No consistent precipitating factors which lead to an attack have been identified. viral upper respiratory tract infection, gastrointestinal symptoms, exercise and menstruation have all been reported 5 . exercise and air travel may have been relevant to our patient (P. R. greipp, personal communication).
The pathophysiology of SCLS remains uncertain. Atkinson found that complement, kinins, prostaglandin, coagulation factors, histamine and serotonin are all normal in patients with SCLS 7 . Activation of the 5-lipoxygenase pathway and a role for IL-2 and INF-b have been suggested 1012 . The significance of the commonly associated monoclonal protein remains unclear 7, 13, 14 . In a review of the literature published in 1992, all 21 patients with SCLS had a monoclonal protein (Igg-kappa in 12, Igg lambda in 7, IgA in 1 and Igg in 1) 15 . The common presence of this risk factor for SCLS raises the question of a causal influence but this has not been established. The cumulative probability of progression of the monoclonal gammopathy to myeloma or related plasma cell disorder has been reported as 10% at ten years, 21% at 20 years, and 26% at 25 years following diagnosis 16 . of note our patient did not demonstrate the paraprotein on the subsequent admission, when he demonstrated low complement levels. These findings raise questions of our understanding of the pathophysiology of this disease and therefore the importance of reporting such cases.
The initial poor prognosis for SCLS, with a fiveyear mortality of 76% being reported 6 , seems to have improved recently, possibly due to advances in management during attacks [4] [5] [6] .
During the initial presentation patients may be considered to have polycythaemia because of the markedly elevated haemoglobin concentration and referred to haematologists as was the case with our patient 17 . our patient was also very athletic, which may have explained his marked ability for cardiovascular compensation following loss of most of his circulating plasma volume.
In a series of eight patients, Tahirkheli and greipp from the mayo Clinic showed treatment with theophylline and terbutaline caused episodes of the systemic capillary leak syndrome to completely abate in some patients and decreased the incidence and severity of episodes in others 5 . other treatments, such as steroids, plasmapheresis, prostacyclin and intravenous immunoglobulins have been tried in individual patients with variable success 5, 6, 18 .
SCLS is a life-threatening condition characterized by severe hypovolaemia, hypotension, haemoconcentration, generalized oedema and typically paraproteinaemia. A compartment syndrome may complicate acute attacks and appropriate monitoring including manometry must be considered.
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